
r. - AOeAO3é SOS SflL ICLICOPTER TEXTRON FORT WORTH TEX ~‘• ~~~~ “ 1
RESILTS OP CNVThOI*4ENTAL 7151040 OF MOOIFIED OH—56* TAI L ROTOR —CTC(U)
OCT 70 0 4 WARD DAA,.jol—70—C—0 057

I (MCLASSIFICV 206—097—005 USAA VS CO$4—T R—77—3 Pt. I
I 

I O F
i

~~~~~~~~~~~~~~

! U
EU_ 

__

ESWtUSSSS



I4i~ ~~~11111 1 . ~ 
I

illil________ L 
~~~

L I~° 111112.0I L I  ~~~~~ 

—DLI IIIII~1111(1.25 liii’ i .4 III t .6_ IIIiI

~~ 

IIiii~
MICROCOPY RESOLUTION TEST CH~~

NATIONAL BUREAU OF SI ANOA RDS % 1 1



~~~“~‘~~“

USAAVSCOM
REPORT TR77.3

q
~~~~

I4 I

~ RESULTS OF ENVIRONMENTAL TESTING OF
MODIFIED OH-58A TAIL ROTOR DRIVE SHAFT

~ BEARING ASSEMB LIES

D. i. Ward H
BEL L HELICOPTER COMPANY
Po st Offic e Box 482
Fort Worth , Texa s 76101

30 October 1870

FINAL REPORT

APPROVED FOR PUBLIC RELEASE;

DISTRIBUTION UNLIMITED

Prepared for
U.S. ARMY AVIATION SYSTEMS COMMAND
Maintenance Engineerin g Division
Post Office Box 209
St. Louis , MO 63166

& R Z T ~
T

~ 

~ii:’~ :i’-:
;-

~ 
•

~~~~~ 11 *



SECURITY CLJSS~FI CATI ON OF THIS PAGE (W7i.n Data Ent.r.41 
___________________________________

(19~ EPoRT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

‘~~ ~ REPORT En

~ ~...
_____

~~~ 7 12. 
30Vr ACCESSION NO. 3. RECIPIENTS CATALOG NUMBER

F REPORT I PERIOD C EREO4. T IT LE (~~id Su S.)

i/ ~,J~ESULTS OF ~ NVIRONMENTAL .TESTING OFJ~DDIFIED ~U-58A
IC) TAIL ROTOR DRIVE SHAFT BEARING ASSEMBLIES .

• , .- .- -

0 GRANT NUMBER(.)7. AUTHOR(.)

~ ~ T 7  ~~ DAAJfl1-7%C-~~~~7~~~
9 PERFORMING ORGANIZATION ~~ANE AND ADDRESS 10. PROGRAM ELEMENT. PROJECT , TASK

~j  L)Bell Helicopter ~~~~~~ ~~ 

.

~~~ 

AREA & WORK UNIT NUMBERS

P .O. Box 486 DA For~/3149R
Forth Worth , Texas 76101 Data 05—005

II. CONTROLLING OFFICE NAME ANO ADDRESS U ~~FPnRT DATE

U .S.  Army Aviation Systems Comsand ~“ 3~D ~c t t
P .O. Box 209 , ATTN: DRSAV -FEL 67

H St. Louis~ ~~ 63166 ___________________________
14. MONITORING AGENCY NAME & AODRESS(SI I rolllna Offi c.) IS. SECURITY CLASS. (of (hi . r.porf)

Coimnander
US Army Bell Plan t Activity~~~~~~f~( 

IS.. DECLASSIFICATION/DOWNGRADING

UNCLASSIFIED

P.O. Box 1605 SCHEDULE
Fort Worth . TX 76101 ____________________________

IS. DISTRIBUTION STATEMENT (of (hi . k.port)

Approved for public release ; distribution unlimited

17. DISTRIBUTION STATEMENT (of ii. ab.tracl .nt.r.d in Stock 20. If diff•rant fro., R.potf)

IS. SUPPLEMENTARY NOTES
This report presents the results of environmental testing accomplished
under Product Improvement Task 69—4F

F.
4

19. KEY WORDS (ConUnu . an rev.,.. .id. If n•c•Iaw/ and ld.nt lfy by block numb.r)

Environmental test, Closed Circuit Wind Tunnel Test, Static Testing, Spring
Loaded Bearing, Collar , Shield , Blo Life

25 ABSTRA CT (Con(Inu. an rover.. .Id. If n.c.a.w/ and identIfy by block ntm, b.r)

~ rhis repo
rt presents the results of testing 01158A tail rotor bearings with

dust shie~ds and modified seals. The spring loaded bearing clamp up feature
incorporated into 206—040—344—1 hanger assembly was also tested . Testing was
accomplished in a closed circuit wind tunnel. Air filtration media test dust
was introduced into the test machine periodically to produce a test environment
of high velocity air laden with sand and dust. Bearing arrangement exhibited
a 5x B4~ Life Improvement.

DD ~~ 1473 LOITION OF I NOV~~~~~~OSSOLETE 

SECURITY CLASSIFICA TION OF THIS PAGE (B~~.n 0.1. EnI. ,.~~

UNC LASS IFIED

/ ‘

L 
.
~~~~~ 

_ _



BELL
~~.i-i HEL~~~~~~~ T~~~~ COMPANY
POST OPI’ICE BOX 482 • FORT WORTH. TEXAS 78~OI A E~t?5]~ COMPANY

TEC CUH C~L ~AT~

BY ~~~~~~~. UJ ~~~~~~~ DAT -1’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ D A T E_ ~~~
’ Z ( 7 O

H APPROVED .._LL t I~~,.IL__- DATE ~~~~~~~~~~ —

~~ 
-- 

.,,

APPROVED \ \ . :~~ - DATE ~~~~~~~~~~~ * I

Approved ,~~~~~
“ “  ‘

~~~~

‘.

~~~~~~~~
‘ Date ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MODEL NO. OF PAGES

REPORT NO. 206 -097-005 DATE

TITLE RESULT S OF ENVI RONM EN TAL
TESTING OF MODIFIED OH- 58A lA I L  POTOR

DRIVE SHAFT BEARING ASSEMBLIES

P R E P A R E D  UNDER CONTRACT DAAJO L—70—C—0057(2E)
P.I.P. Task 69-4F

~

C
0

> ~ . . . • •
w .~~:

0 1

L~. L 
~~~~ta. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
~ . 

. . -
~ ~~~~~~~~~~~~~~~~~~~~



- - - -.-.s- —

E3~~LL I1ELJCc~PTt~I~
?01I  C I I ! C I  Ill II?  • i s .  * i I’~~ I (III

“ I-

PRO PRI ETARY RI GHT S NOTICE

This data is furnished with unlimited data rights
to th~ U. S. Government in accordance with the
provisions of Contract No. DAAJO1-70-C-0O57.

S
N
S
II

N

p.

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~~~~~~~ —~~~~~- s s— ~~~~~~~_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BY D . Ward  MODEL 206 
P A Ct  _______

BELL HEIJCO1~~1L,.f C il A~~ Y

• IS  5 1 1 1 5 1  IS ~~~~~~~~~~~~~~~~~~~~~~ * I H S  I S I l A S  

R P T  2 0 6—0 9 7— -005

TABLE OF CONTENTS

Page

LIST OF FIGURES AN D T A B L E S . . .. . .  . . . . . . . . .  . ii

REFERENCES . . . . . . . . . . . . . . . vii

INTRODUCTION        . . . . . . . I

SUI’~4AJ~.Y . .                 . . . . . . . 2

DISCUSSION .           . . . . . . . 5

Bench Test Stand and Method of Operation . . . . . . . 5

Testing Procedure . . . . . . .  .   5
Assembly0 . . . . . . . . .  15

RESULTS . . . . . . . 19

Results of Static Testing of Spring -Loaded Bearing
Clamp—Up Feature of 206HA—5-l .  . . . . • • 1.9

CONCLUSIONS . . . . . . . . .     29

APPENDIX 11A1 5 . . . . . . . . . . . A— I

0
N
S
.7
I,

Np.
S

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  

~



r~ 
I _ _

I-
BY D. Ward MODEL 206 PAG E ]~1~

BELL H U L i ~~~~ I-’ rER COMPAP4Y

L . Hop fet~spe~’ger 7 0 5 5  0 1 1 1 0 1  5 0 7  l~~i • l o l l  W O l IS I 1 I Z A S  rC H E C K E D  R P T  20o — O9 7—0O ~

1
LIST OF FIGURE S AND TABLES

Figure Page

I Proposed Bearing Assembly Configuration . . . . . 3

2 Test Stand With Top in Place 4

3 Test Stand With Top Removed  4

4 Bearing, Ball , Sealed - Hanger , Tail Rotor Drive 6

5 Collar , Bearing Retaining Tail Rotor Drive. .   7

6 Hanger Assembly — Bearing , Tail Rotor Drive Shaft 8

7 Collar - Bearing Retaining , Tail Rotor Drive.   10

8 Shield - Bearing , Tail Rotor Drive Shaft 11

9 Spacer - Shouldered , Bearing Ilanger - . . . .   12

10 Spring - Bearing Hanger , Tail Rotor Drive Shaft  13

11 Test Stand Showing 3005 Centrifugal Blower and
Supply of Test Dust 14

12 Details of the Drive Motor for  the Test Shaf t s
and Thermocouple Wire Ins ta l la t ions  1~4

13 Breakaway Torque Measuring Adapter 16

14 Tor que Be ing Applied in Horizontal plane . .   16

15 206-040-349 Collar Final Configuration 18

16 Number of Bearings Installed by Location and Air
Velocity. . . . . . . . . .     20

17 Bearing Breakaway Torque vs Temperature . . . . . 22

18 Testing Results - Weibull Plot .  25

Appendix “A”

19 Bearing S/N TRL-3 . Removed Position 5 With 11.6
Hours Time . Shown With Seal Removed.  . . . . . . A-i

20 Bearing S/N TRL-3 . 2.5x Enlarged View. . . . . . A-i

2]. Bearing S/N TRL-4. Removed Position 7 With 11. 6
Hours Time . Shown With Seal Removed.  . . . - . A — 2

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :L~ ~ .~~~~~~ ~~~~~~~~~~~~~~~



• • - - - -— . . ..,_ . ... .‘ . ‘ r - ~~~ ..7 ... - -- --- — -  ~~~~~~w.rr —s—-,~~~,-_.-_.

BY D. Ward MODEL 206 PAGE lii
[3ELL HELICc~~~TLR s s i ’ .lp’Ar.Jy

L . 1-topfe.nsperger 7 0 5  ~~~~~ l O S  5 * 2  • ~~~~ ~~~~~~ I Il~~A S rC H E C K E D  ________ ______ R P T  .— U O —  — _____

___________
Figure Page

22 Bearing S/N TRL-4 . 3x Enlarged View. . A-2

23 Bearing S/N TRL-4 . 2 .5x Enlarged View . . . . . . A-3

24 206-040-3 15—I Collar From Bearing S/N TRL-4
(Le f t)  Next to a New 206-0140-315-1 Collar . . . . A-3

25 Bear [ng S/N TRL-5 . Removed Position 8 With 11.6
Hours Time . Shown With Seal Rem ov ed A-4

26 Bearing S/N TRL-5 . 2.5x Enlarged View . . . . . . A-14

27 Bearing S/N TRL-5. 2 .5x  Enlarged View . . . . . . A-S
28 206-040-315-1 Collar From Bearing S/N TRL—5 . . . A-S
29 Bearing S/N TRL-6. Removed Position 6 With 18.0

Hours Time . 2.5x Enlarged View A— 6

30 Bearing S/N TRL-6. 2.5x Enlarged View. . . . . . A-6
31 Bearing S/N TRT7-7. Removed Posit~.on 4 With 20. /4

Hours. 2.Sx Enlarged View . A—7

32 Bearing S/N TRL-8. Removed Position 6 With 2.4
Hours Time . 2 .5x Enlarged View . A-7

33 Bearing S/N TRL-8. 2.Sx Enlarged View. . . . . . A-8

34 Bearing S/N TRL-9. Removed Position 8 With 8.8
Hours Time . 2.5x Enlarged View . . . . . . . . . A—8

35 Bearing S/N TRL-lO. Removed Position 2 With 20./4
Hours Time. 2 .Sx Enlarged View  . . . A-9

36 Bearing S/N TRL-ll. Removed Position 6 With 4.8
Hours Time. 2.5x Enlarged View . . . . . . . . . A— 9

37 Bearing S/N TRL-11. 2.Sx Enlarged View . . . . . A-l0
38 Bearing S/N TRL-12 . Removed Position 6 With 4.4

Hours Time . View of Bearing as Removed From
Tester . . . . . . . A— lO

39 Bearing S/N TRL-l3 . Removed Position 8 With  8.8
Hours Time . 2 .Sx Enlarged View . . . . . . . . . A— Il

40 Bearing S/N TRL_ 1L I . Removed Posit ion 5 With 19. 8
Hours . Shown in Tester Pr ior  to Removal .  . . . . A-il

41 Bearing S/N TRL-14. 2.Sx Enlarged View . . . . . A-12

~~~~~~ -- ~~~~~~~~~~~ 

- 

~~
— -

~~~~~~~~~~~~ ! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



D 

_ _  

1~1M~~ 
PA:

L Flopienspeiger ~~~~~~~~~~~ I -I F 1 1 C 1  T FI  ANY

7 0 5  I 1 1 1 * 1
C H E C K E D _ _~~ ._______ RPT -

Figure P age

142 Br~1~r ing S/N TRL—1 14 . 2.5x Fnlarged View ~—I2

43 2x Enlarged View of 206-04u-350-1 Removed From
Bearing TRL—14 . A— 13

1414 Bearing S/N TRL-l5. Removed Position 6 With 12.2
Hours Time . Shown Prior to Ren iuv al  From Tester  . A 1 3

45 Bearing S/N TRL—1 5. 2 . Sx Enlarged View . . . . . A— l/4

46 Bearing S/N TRL-15. 2 .Sx Enlarged View . - . * . A-14

47 Bearing S/N TRL-16. Removed Position 7 With 19. 8
Hours Time . 2 . 5x Enlarged View - A—i S

48 Bearing S/N TRL-17 . Removed Posit ion 8 With 2 .2
Hours Time . Shown Prior to Removal  From Tester  . A-lS

49 Bearing S/N TRL-l7. 2. Sx Enlarged View . . . . . A-I6

50 Bearing S/N TRL—1 7. 2 .5x Enlarged View . . . . . A-l6

51 Bearing S/N TRL-19 . Removed Position /4 With 16 .6
Hours Time . 2 . 5x Enlarged View A— 17

52 Bearing s/N TRL-19 . 2. 5x Enlarged View - . . . . A—17

53 206—040-3 15- 1 Collar Removed From Bearing S/N
TRL— 19 . . . . . . . . . . . • . . A—18

54 Bearing S/N TRL-20. Removed Position 6 With 5 .6
Hours Time. 2.5x Enlarged View A—18

55 Bearing S/N TRL—2 l .  Removed Position 8 With 5 .6
Hours Time. 2x Enlarged View . . . . A— 19

56 Bearing S/N TRL-22. Removed Position 3 With 2904
Hours Time. 2x Enlarged View . . . . . . . . . . A— 19

57 Bearing s/N TRL-22. 2x Enlarged View - . . . . . A-20

58 206-040-350-1 Collar Removed From Bearing S/N
TRL—22 .  A—20

59 Bearing S/N TRL-23. Removed Posit ion 4 With 4 .0
Hours Time . 2x Enlarged View . - . . . . . . . . A — 2 l

60 Bcar ing  S/N TRL-2 1-i . Removed Posit ion 6 Wi th  4 .0
Hours Time . Shown With Seal Intact . . . . . . . A — 2 l

61 Bearing S/N TRL-24 . View of Opposi te  Side Seal . A— 22

_____________________________________ 
-~~o. ---~~~e~~ V



BY .. ...J~ . ~4ar (1 —______ I MO D EL .._2116 P A C E  V
F~ I-~LL I-I I LJCC) I~~ I L l . ~ -

~ ,s ~ I- .s’-~ s’

~~~~~ p g  7 2 5 5  1 1 1 5 0 1  7 5 7  ‘s . l i l  W O S I k  1 0 , 5 0  2 0 6 — 0 9 7 — 0 0 5

Figure 
_____

62 Bearing S/N TRL-214. 2x Enlarged View  A..22

63 Bearing S/N TRL-25. Removed Posi t ion 8 W i t h  4 .0
Hours Time . 2x Enlarged View A— 23

61.i. Bearing S/N TRL-26. Removed Position 7 With 11.0
Hours . 2x Enlarged View ~ —23

65 Bearing S/N TRL-27 .  Removed Position 8 With 14.5
Hours Time . 2x Enlarged View A—2 4

66 Bearing S/N TRL-30. Removed Posit ion 6 With 40. 7
Hour s Time . 2x Enlarged View A_2L 1

67 206-040-350-1 Collar Removed From Bearing S/N
TRL— 30. 

68 Bearing S/N TRL-31. Removed Position 5 Wi th  42.5
Hours Time . Shown as Removed From Tester . . . . A— 25

69 Bearing S/N TRL-3l . 2x Enlarged View A— 2 6

70 Bearing S/N TRL—33 . Removed Posit ion /4 With 145~ 5
Hours Time . Shown With Seal Plate Removed. . . . A-26

71 Bearing S/N TRL-33. 2x Enlarged View . - . . . . A-27
72 Bearin g S/N TRL- 140. Removed Posi t ion 3 With 64. 4

Hours Time . Shown With Seal Removed A — 2 7

73 Bearing S/N TRL-140 . 2x Enlarged View  A-28

74 206-0 140-350-1 Collar Removed From Bearing S/N
TRL-40 (R i g h t) .  New 206—040—350 - 1 on L e f t .  . . . A—28

75 Bearing S/N TRL-38. Removed Position 1 With 67. 4
Hours Time . Shown Wi th  Seal Removed . A—29

76 Bearing s/N TRL—38. 2.5x Enlarged View . . . . . A-29

r 77 Bearing S/N TRL—39 . Removed Posi t ion 2 Wi th  67. 4
Hours Time . Shown Wi th Seal Removed . A—30

78 Bearing S/N TRI5-39. 2.5x Enlarged View 0 . A— 30

Tables

1 Hanger Bearing Loads Due to Curvature of In-
stalled S h a f t .  . . . . 21

C

2 Breakaway Torque . . . . . . 23

~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~ ~

. V



- - .--— ----- ~~~--- -----~~~—- .- -~~- ~-~~~~~------- . . , . -------. --. --- - _ _ _ _

BY ___
D. Ward MODEL 206 PA G E . Y J .

BFLL Hr~LJc Du- r[If,~ C rI’.%I.ANY

L .Ho~fensperger ~~~~~~~ ~~~ • 5 5  I S I S A l  

R P T  2 0 6 — 0 9 7— 0 0 5

Table

3 Analysis of Testing Results  . . . . . 24

4 Tecting Results . . . . . 26

I

S

C
N
S
V1
S1

Np.
F- _______________ - . - - ---- ——----— — —

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ __
~~i. -



- -

______  ______  M O D E L  
206 PA G (_Y~~~

_
BL~LL HF~LICcJI ’l  ri .. ~ ,ss ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7 1 1  C i  ~~~ C I  ~~~~~~~~ 1 1 5 * 5

REF ER~N (~ES

1. PIP Task 69~~/4I? , BIIC Report 2O~ -099-999.

2. Bell Helicopter Engineering Worh Authorization 20611A9.4F.

3. Bell h elicopter Engineering Wurk Authorization 206DA1.12E.

4. Bell Helicopter Engineering Orders 2061JA-5 , 2ObflA-1 5,
206HA-1.6, and 206HA-l7 .

5. Bell Helicopter Drawing 206-0/40•-30/4, sheet 2.

4 5

I

0
N
~0.7
*5

I-

_ _  _ _ _ _ _ _ _ _ _  - _1._.~



MODEL 206 P A G E 1
131 I_ I 1-I l ILK 2(W ~TU’I ~~~ ~~ l A NY

C HE CK E~~~~~_ .~ ...L__ ~~~ 1 5 5 , 0 5  I I II • I’ A~~ 5 5 5

INTR0J)~ C~ I~)-~

This report presents the results sf environmental testing ac-
comp lished under P.I.P. Task 69_L~F. The purpose of the test
was to evaluate the effect of mod .~.~ ied seals and the addition of
dust shields. on the Life of the 206~ 0/4U—339—3 tail rotor han~:erbear ings  in severe dust/ sand o p e rat in g  environ rnent 1 and to evalu-
a te the  spr ing- loaded bearing clamp~ up f e a t u re incorpora ted  into
206—o~40-3c~4—l hanger assembl y by EiLg ir~~er ing Order 2 OGUA—5 . The
basis for  comparison of t he se  m o d i f i c a t i o n s WflS the rc~suit~ of
identical  testing on existent 0iI—58A tail rotor bearing assen—
bl ies.
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SUMMARY

Service failures of the 206-O/4O--339—3 tail rotor hanger  hearings
• h av e  pre1 ip it a i ed a product impi ~5~ ment program where in a

placement bearing and h a n g e r  assembly h a v e  been designed and
en v i r o n m e nt a l ly  endurance  tested (Fi g. 1).

• ImplemenLation of the environmental test program was accot~pli shed
H throu ’.h the fabrication of a closed ci ~‘cU~ t wind tunnel,  te st

machine (Figs. 2 and 3). Eight bearings were tested concurrcntlv ,
four each on two parallel shafts , in the tca;t section of t1~ test
machine at a speed of 5700 rpm . Air filtration media test dust
(SAE J726A) was introduced into the test machine periodically to
complete the te st environment of high velocity air laden with
sand and dust.

The hearing arrangement developed under the P.i.P. task (F i~~. 1)
exhibited a 5X B 10 life improvement over standard 2O6-O140.-3~~ --3
bearings under the conditions imposed by the test cnviroii~,ert.
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Proposed Bearing Assembly Configurat ion
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Figure 2

Test stand with top in place. Arrows indicate plexiglass
inspection windows. Honeywell temperature recorder and
test timer are on left.

~~Figure 3

Test stand with top removed . Numbers indicate sequence of
numbering of test bearing positions. Also note wind velocity
manome ter s , pitot tubes and thermocou ple wires.
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1)ISCIISSION

PLNC! I L  “1 f STA\1 )  AN! )  N E l l  101) OF OPERA ’i i ON

The test ‘~tand  was built out of LO’~ square conduit laid ant into
a rectangular closed duct. Air was circulated within t h e duct
by a 300 Ulameter ceritrifuga1. blower driven by a 30 b p Varicirive .
A means of niererilig test dust into the  duct was incorporated on
t he ou t l e t  s ide of the blower. The test shaftl s were so located
that  the  ces t  dus t i.ulTi l.ngc-dl on bcarin r~s #1 and #2 d i rec t ly f r o m
the s ide. The t e s t  dust  then turned and passed over  the  remain-
ing bear in- ’ s in an ax ia l  d i rec t i o n  ir~p ing inc’: ci Hc-ctly on the
seals .  The sha f t  curva ture  at t i t u d e  and a l ignment  s imulated the
insta l laL.Lon on the 0~1— 58A as closehay as possible . The por t ion
of the sha f t  a f t  of the last bearing hange r  was cut o f f  to
f a c i l i t at e  ins ta l l a t ion  in the tes t  s tand . Two of t her e  shafts
we re instal led in the tes t  st and s ide by s ide.  The t e s t  s h aE t s

• we re dr iven f rom t h eir  forwa rd spline s f rom a mo d i f i e d  fan sheave
I through a m e t a l l i c  f lexible  coupl ing.  Special . f e l t  seals we re

used whe re the mod i f i ed  fan  sheave passed th rough  the  duc t .  A
3/4 hp inj uc t ion  motor  was used to d r ive  the tes t  s h a f t s  a t  5700
rpm . The r m ocoup les , ins ta lled at t h e  sp lit lin e of each bear ing
hanger , were monitored one m inute  out of eve ry  six b y a 2~ point
Honeywell Recorder .  The recorder  was set  to s top the tes t  if
any bear ing reached 25O~’ }~. Amb ient t e m p e r a t u r e  in the c’-uc t ~as
measured b y a pr obe t ype th e r mocoup le inst a lled o v er th~ bear  ing s
a t posi t ions #7 and #8 . The a i r  v e ?o c i t y  in the duct was me isured
by a p i to t  tube instal led in the  sid e of the  d u c t .  The p i to t
was connected to two wate r  monometer s  reading static and d ynamic
pressure in the duct.

Test ing Procedure

This test  was conducted under dense dust  envi ronmenta l  conditions
which were f a r  more intense than encountered in f l i gh i:, in order
to reduce the mean t ime to fa i lure  of the  bearings . Ho wever ,
since no direct  conclusions comparing service l i fe  to tes t  l i fe
are possible , the test was designed to produce comparable confi—
dence levels on the observed test lives of standard production
bearings and the new shielded bearings . The improvement ratio
of new to standard test lives should be equalled or exceeded in
service applications in similar  envi ronments .

All bearings tested in this  program were procured from Fafnir
Bearing Company and were div ided into four  combinations as fol low :

1. Production 206-040-339-3 bearings (Fig. 4) mounted on
206-040-315-1 collars (Fig. 5) and in 206-040-3144-1
hanger assemblies  (Fig . 6~ (Baseline Configuration).

2. EXP l8426A—50 bearin gs (206-0140—339-3 bearing modified
to incorporate an .010 smaLler inside diameter seal and
cadmium-p lated outer  d i a m e t e r )  mounted on 206-0 140-3 15-I
collars and in 206-0/40-344—I hanger assemblies.
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3 . EXP lE~t 2 ( - - 3Q be~~r ~n ( 2 O 6 — 0 1 4 0 — 3 3~) — 3  be ar i nc :  modi l i e d to
in eOrpors te c - elEII 1 U IIS —p in I (-d cuter d Lame t e r )  mounted  on
2 O( ~~— O ’-~ O - - -3 i s ~~ — 1  1. 51 lIn~ (~ i ’ _ 7)  w~ th  20(s .—0140~- i 4 ~i~~

] _
~~ ~~- ] _ ds

( P 1  g 8) and :1 20~ —O mO --~~~14—l haisge r assenihi ie s modi  : e u
(:0 Eng in eei -i iin Order 20(71 15_5 , i r l ( - ( 2 - D o r n t i n g  a -

loaded ClatTl n c : 5 ’ tCntJ~’C ~~~~ I he aci d itiori of 206—0140-351
L_ lSk d 20 (I_0LI0_ 3f3 Si ( i - i  c c c -: * 9 11i5:id 10).

4. F;~P i81~2 6 A - S C  h ea r i n g s m o u n t e d  on 206-040-350-i c o ll ar s
~;i th 206—0140—3~~t) --1 sls Le ]mi ~, nrcd in 2 0 6 — 0 1 4 0 — 3 1 4 1 4 — 1  lInis yer
asse t i ib l ie s  t i lod i f led to Emi~~ineei’ lint Order 2061iA—5 , n —

corpot-e tin t a r~) r 1n g — l e e d e d  clamp i n g  f eet u r e  ‘e i th  the
addi t ion o l  2 0h -0 140-35 1 and 206 —O 14 0— 35 ’ (F1e.s. 7 and 8).

Test ing  of all bcar~ n ’~: a s semblies  was accomp lished by runn :Lrc :
them at 5700 rpm in the  wind-tunnel- -l ike  appara tus  shown ir5
Fi gur es  2 and 3 . Air  c leaner  tes t  c’- u st  con fo rming  to SAE te -~ L
spec it icat ion  J72 6A w:a~ in t roduced  on ti m e fo l lowing schedule .
Upo n starting Les t  a t  0800 , acId 1/2 pound fine dust , and at noon
acId 1/2 pound coarse d u s t .  The t e s t  was shut  down before  leaving
at ni gh t .  The dus t/ a ir  m i x t u r e  was direc ted  in to  the side o E
bear ing  posi t ions  I and 2 , then over  3 arid /4 at 25 mph , over 5
and 6 at /42 mp h , and over  7 and 8 at 78 mp h . A i r f low was pro—
ducc ’cI by a 30— inc h c e n t r i f ug al  Lau  p o - -ered by a 30 lip Va r id r  Lye
(Fi g. 11). Tempera tu re  of each bearing assembl y was measured -at
the split  line of the  hanger  asee:scb ]v by the rm ocoup ies rou ted
out  of the tes t  section to a 2 14-poin t I- io n ey ’ -e l l  t empera tu re
recorder  set to record one minute  in six (Fig . 12). Due to t i e
s tabi l iz ing e f f e c t  of t h e  large air mass f low passin g over  t icc
tes t  bearings , onl y minor  t emp e r a t u r e  va r ia t ions  could be ob-
served between indiv idual  t es t  b e a r i n g s.  Even at the point of
bearing fa i lu re , onl y 20 to  30 de gr ees Fah r enhe it t empe ra tu r
increase could be de tec ted . It  was necessa ry , t h e r e f o r e , to
maintain  close sc ru t iny  of t l i~ t e s t  in ord .er to d e t e c t  f — c L l i : ~ e
by a minor change in a bearing ’s temperature level , or by an
increase in sound level , or by ph ys ical signs of catastroph i - .
fai lure . Ambient t e m p er a t u r e  in the test box stahilizc-d at 1140
to 150 degrees F a h r e n he it .  Bear ing t e m p e r a t u r e s  were genera l ly
140 to 170 degrees Fahrenheit.

A f t e r  tes t ing was c o n c l u d ed , it s- -as d L c : c o v e r c d  t ha t  a miscalcu-
lation in the  layout o~ the  s tand ha d caused th e  curva ture  o~the tes t  sha f t s  to he slig h t l y d if f e r en t f r om the  curv a tu re  of
the 011—58A tail  ro tor  d r i v e  s h a f t.  See Table I. The compar i son
between t est con f igura t ions  is s t i l l  val id , but the  e f f e c t  of
wind v e l o c i t y  may be les s i n f l u e n t ia l  in es tab l i sh ing  f a i l u r e

S 
d i s t r ibu t ion  than results would indicate .

In addi t ion to i ts e v a l uat i o n  in the  running  port ion of t h e  t e s t .
s t a t i c  t e s t i ng  was p e r f o r m e d  on the  spr~ n g — l o n d e d  clam p in~ fea-
ture of the  2 0 6— 0 140— 3 144 - I  h anger  a s semb l y mod i f i ed  to E r i g in e c - r i : : g
Order  206 11A— 5. The purpose of this p o r t i o n  of the  t e s t  was to
d e t e r m i n e  the adequacy  of the sp r ing  loaded bearing hanger  to
retain the bearing outer ring . 
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Figure 12
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S The adapter shown in 1-igure 13 w~is used to measure the brc~aiI ss -:•1v
to:~ iUe of a bc - ;t r i n ct moun ted  in  t h e  mod ified hanger ( F~ . 114), and
cos ip : ~ie d  Lo the  b r e a k aw a y  torque of a bearing mounted - ri tii c ’ p 3’~~~— I
cluc -t ion 206—0 :-O--3414--1 hia nrtL- r ~acs~’i i ib1v .  Both  couf i c~ur:i1: : Cl -~~ were
e\ 5cl ~i 5~ Lc ’u c it  four temperature lc’’ets to determine t h e  lair L u e l i c e
of di f i  e r ent  ~I ccYpan on bet i-;ec—i i the aluminum hiange and ~ztee I
bearing ota ti;: r i s t e n t  ion of the bear ing outer r ing .

Ass~~nb 1v

— Production bcs:cr:~ns- assemblies we r e  built up per standard ass -s -s hiv
techniques. The m i  tial p r o p o s e d  as sembl y t e chn i que L o r  t h e
m o c l i f l e d  ~ear iiig assemblies  incorporat ing  t h e  206-0 140 — 3 5 0—L
colla r (Fig . 7)  and the  2 06 - 0 140—3 149- -l shield (Fig . 8) was to
position the collar on the  ta i l  ro tc r  d r i v e  s h a f t , then i n s tal l
the  ?06~ 0LI0~-339~ 3 bearing (Fig. 14) on the collar and then sn tp
t h e  shields up to  bo th  sides of the bearing. It W3S found that
the b luep r in t  couf g u rat io n  of the 206 — 0 140 - - 3 14 9— l sh i e ld  ann :he
20 6-0 140— 350 —1 collar could not be assembled t o g e t h e r  a f t e r  t i e
collar  was ins ta l led  on the tail ro to r  dr ive  s h a f t  because o
excessive i n t e r f e r e n c e .

The locking ring s on both the  206 — 0 14 0—3 49 — 1 shield and the  2 0 6—
0 140— 350— 1 collar  were  re l ieved  by ir creasin~ the  inside di am ~t er
of the  sh ield locking r ing f r o m  1.1(10 d i c c m c t c r  to Ll56 dia ct ar
and e l ec r e ar -s c i g the  out : s ide d i a m e t e r  of the collar locking ri:agc;
frocc ’ 1.185/1.175 dian - etc -c r to 1.175/1.168 d iamete r . These ch a r t e s  -
were made in an a t tempt :  to al low assembl y by the i n i t ia l  pro ) OS Cd
assembl y technique descr ibed above.  It  was found t ha t  the s ileld
and collar so m o d i f i e d  could not be assembled t o g e t h e r  a f t e r  the
collar had been instal led on the t a i l  rotor  d r i v e  - s h a f t .

The next  a t t emp t  was to assemble  the EXP l8426A-5o h e ar i n 1 4, :he
20 6_0 1~i.0

_ 350.~]. coil - ar wi th  re l i eved  lock lng  rings , and the  20~ —
0 140-349— I shield s w i th  re l i eved  ) .ocking r i n g s  t oge the r  a~ a
assembly and then ins ta l l  the subassembl y onto the  ta il  r ot o r’ -
drive  sha f t  \51i t h the  aid of a li ght f i l m  of pe t ro leu m j e l l y 0
Th is method  of assembly  allowed the suhassemblies  to be in s t - a iled
on the ta i l  rotor  d r ive  s h a f t .  H owever , the  t a i l  rotor  d r i ve
s ha f t  on which all four  hangers  were instal led by t h i s  me tilo
slipped through t he  hanger  assembl ie s upon i n i ti al  runup i c r
enough to disengage the dr ive  spline  and cease ro ta t ion . I t

I i was found tha t  bea r ing  assemhlies  ins ta l led in subassembl ies  by
th is method could be re ta ined in posi t ion fo r  test ;  purposes  oy
slid ing the bear ing assembl y on to  the  t a i l  rotor  d r i v e  sh a f t
w i th the aid of a light  f i l m  of pet roleum jelly and t hen  sl i c ing
the hear ing assembly back and f o r t h  past  the  running posi tIon 9
wip in g away t i-ic lubr ican t r e s i du e  a f t e r  each pass u n ti l  v i  r t ua l lv  -
all t h e  lubricant  was removed .  However , i n s t a l l a tion  of t h e  sub-
assembl y on t o  the  ta i l  ro tor  d r ive  s h a f t  wi thout  the  aid of a
lubrican t could not be affected .

Final l y ,  an a t t e m p t  was made to assemble a 2 06- 014 0— 34 9—I sh ie ld
with )  1.156 inside diameter locking ring modified as shown in 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~
_ _ _ ~~~~~~~~~~
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Figure 13. Breakawa y Torque Measuring Adapter

Figure 14. Torque Being Applied in Hor izon ta l  Plane
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F] nrc- I .~~ out o • : o -  —0~ O — 3  m i  -oli ar tnocl if c d to  a lock ~s :  r T  u s:
d i a s s l c - t e i  Ia I .l75/i.lts~ ‘s - n I h 1 -  t h e  (- (111c c’ ~

- . a ; in st a l le d O H  1 5 : 1

t i l l  r o t o t  dl ~ve sha 1St. it w a n  foti~ d that th is c ( l - I I ; i h c : c t  C ) s I

could be - ‘ cu-u sb] s’d p i - o v  bled I h a L  - - s sn i I a r : 5 I .~lo p cs ’ i s - l i C e  ~- ; r  ‘~scdin L h s e  ~;u~- IIb l \‘ . Ik~;-:c-cer , we be lt ~n g5 ;  i i S~~- I L ’ whI l ed  Lv t ha i s l I S t  i s e ~ ,
rosin i h pc I ; I ( I I S  5 1 H i  S i 2 had L l I e  sh 1 e l ds  bac k ru -ca y £ 1 O S S I  t h e
bear~ i i ~~ i l i s t i r ox  lu - I tc -t s- 1 1 (  on b- ,~ ii s i d c - u  of t h e  bc’s: rin : a f t e r
app )0: 5 1 5 1 1  ‘lv S h o u r s  of r u n  t 1I1iC’ - 

S

Sula s~-q~i~- t u L  cx in-I ’ imen t cst  O F I  \~5 t h  ~~~-i:bi y n id disassl5 : blv i~~ I —
n i qn~ -s r e s I j i t s I d  in  a • - c - u n n f u i  -~ - 5 -Hnca ~ ion  u s in g  I iso 2O sT—f-~ 0—
3149—i shield usiu d tied s - s  shown i~ i 1’i ~~~~~i : - e 15 and the 206—040— 

-350-1 col lar  modif  i ed to a b eLie ila g d i  su i s et e r  of 1.175/i -

by p r c p o s i tL o u i n g r  the  -350 collar  on t i - c shaf t th en bon d ing  t h e
col lar  in plcicc , using Silastic RT\7 bdl~;ch Ii 14 compound -

1 ;
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The u f  i eet of a i r  vc ioc - t y  on the I I IL- of shielded beat- i nga is
d e m o n s t r r ~ ed i~n i - i  gor e  16. There  is an : :pp5 - s r -  c u t  peak a f fe ~~i s it
ap lai- o ;. : i n s s : t  el y 140 m~ l c • s ;  s i r  ho cu , i ; ’ c e r e  eleven (l 1 i a i i i i’e s
occurred (‘os at LO I S 5 and 6 ) .  TI~~ i i  [b an e eiS c : r  V C i O C I L v
p i’c a osn inare s  e v e r -  b e a r i n g  load as ev i d  seed Lv the load di st c-i—
hu t  en :~ i sus-a i Lu T ab L e  1. Locat  Lon s 5 and f u s  i-c s u b jec led tr~
loa. - • -r  loads t i s a l u  b o c a t  ion s  3 and ~] , ann \, S t T  5 and 6 e a-sperc ~ - ; :- : d
a h i  csshen n ’ I . aT )~I s  01 fai  lu res  * Souse vc r - i t  a -an of t h i -  fa  L lu i~- d is —
t r i b u t  ion in Li is s ir e  b ( may  he exncs;t cd ‘~n ti a c h a ; s 2 ifl IO~sd
espec ial ly  at the  bi gh t- V C I O C I L V  at:  le e-at io n s  7 ari d 8 , w Is e  -c
ten (10) f a i l u r e s  occu r red  wit h  no mc :i~,:u:-n L,lc load -

RESII LT S OF STA , i T C  TESTTkCI OF SPLP - - J o ’ . J _ . ~~~ A~~L~~~ 
-\‘~P-

FEP\I tJ2~E 01- 5 l I Y ~~~ 5 l

B r e a k a w a y  to rque  be Lween  t he  b e a r i n g  aitd kcncs er asecuabl ~~~-

m e a s u r e d  b y t h e  use of a 0 to  300 i o c h — p u . u s c  t O F ( l iC  wrench asi d
the adapt’cr s h own  in Fiunre 13 . The 7 -dPi; ’. - - -  5— i  h canger  assessbIy
was ii t t e cl w i tk  an EX~ 

- I f426—3G b - - •d- ~~ i s:~~~e outer race was
covered w i t h  a l uli t film of 2014.~C14V_ 755—3 luhri c ;:st. Torque
was c-pu l l e d  in ho t o L do ye rt i s - a l  said 110 5~~~~

- - 5O f l  taal p 1 r u n e s  ~rd tw o
read i ‘as s were take-n icc each i ian: Lst 75 L-7 b 115 , rs~~d 125 dec
Fai r e c t e L .  heat irs ; of the s l i c - i F a~~ se e i L  -an; r u c c o s u p  sPec w L t ~ .
a heat lamp and I ( 5 p e  r atu r e  of the as ses;:b5 a was me a sured c a -ste
n a i l ,’’ ad j ace at  to t he  support biis •hins: b c — s r  with a ba-ad--held p”ro—
meter. The aveI:~ge of the four a’ r-’-:d nses at e a c h  t : c u i p a i ~ s t i i rc -
shown in Table 2 was used to plot -che points in 1-if : urn - 1.7.
Breaicsnar v t o r q u e s  of the 2OfPA— 5—1 bc -i -e r- i a.ssc-mbb c-nd ttae
EXP 1 b 42 h — 3 G  bear  Lig co a b i n at : L on s  as note r ;  ~ra Table 2.

The 2 0 6 — 0~l 0— 3 1414—i  hanger  auscmb lec  was f i t te d  w i t h  a 2 0 6 — 0 - 4 h — 3 3 9 — 3
bea ring per st anda rd  assembl y pr -o -ee du r c s  an d  sub jeu f:r .d to i d c - ; ’ r i —
cal testing. Breah easy toc-siuci s of th is c o ’i e ir c t i on  c - F c -  l,’.s ci ta
Table 2.
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I 50 C 
~ 

~__ L -— ] ~~~L 

H 0(y f l ( ) 2  ( I ~~5 
— 

- 
- 

-

‘fAF,LE 1

lIE \P~TN ( l °-\Lc- - l,El- ~u ~ i I d V ~~ i ~2L 0 1- ~~~ I .\L i . 1) I
~~’~ I I

2 3 14 5 6
Aft

I .  1~~ l 1  b i c - S l c - . - i ’ h a ar . i l S r i pos.].ti i-a j 55’ 141 J -  5~; !~S ‘ -

II LlI’], I F I  150 c - I i__~~~~ -c i e l s S . S - .’ I s i S ; )

1 3.8 p OJJ s a  J
2 3.8 ;acu :’als

3 0

14 3.8 J a n ; - 
S

5 3.8 pe nn u s ;

6 0

II  * 1-h’st s-~verc 1 ;as:acr  - ; r -b ’ -~ p ci -  h -i  en 0-i -  3 C . ~•

B ‘-c-ri i s :  - Load 1 oc- at:ion fro- - - b n - s~in ;  )~
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6
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BELL HEL.ICCDPTER co~jP~.NV

L . 1 -I opfensperger . , - ‘  ~ - •~ • ~~~~ ‘ 11* 1
C H E C K ED _________________ R P T  — —

‘I

Figur e 19. Bearing S/N TRL-3. Removed P osit ion 5
With 11.6 Hours Time . Shown With Seal
Removed.

Figure 2 0 .  Bearing S/N TRL -3.
2 . 5 x  Enlarge d View.
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R P T  206—09 7 —005
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Figure 21. Bearing S/N TRL-~~. Removed Position 7
With 11.6 Hours Time . Shown With Seal
Removed .
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H
Figure 22. Bearing S/N TRL-4.

3x Enlarged View .
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e Figure 23. Be aring S/N TRL-4.
2 .Sx Enlarged View .

Figure  24 .  206-040-3 15-I Collar From Bearing
S/N TRL _ L4 (Left) Next to a New
206-040-315-1 Collar.
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BY D. Ward MODEL 206 P A G E  A-4
BEL L, HELICQP rER ca~.~~~~~v
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Figure 25. Bearing S/N TRL-5. Removed Position 8
With 11.6 Hours Time . Shown With Seal
Removed .
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Figure 26 .  Bearing S/N TRL-5.
2.Sx Enlarge d View .
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Fi gure 27. Bearing S/N TRL-5.
2 .Sx Enlarged View.

I
‘5-

Figure 28. 206_OLI-0-3l5-l Collar From
- Bear ing  S/N TRL-5.
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Fi gure 29.  Bearing S/N TRL-6 . Removed Position 6
With 18.0 Hours Time . 2. 5x Enlarged View.
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Figure 30. Bearing S/N TRL-6. j
2 .5x En larged View .
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Fi gure 31 . Bearing S/N TRL-7. Removed Pos i t ion  4
With 20.4 Hours. 2.5x Enlarged View.
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F i g s - ire 3). Bearing S/N TRL-8. Removed Position 6
With 2.~-4 Hours Time . 2.Sx Enlarged View.
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Figure 33. Bea ring S/N TRL-8.
2. 5x Enlar ged View.  
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Fi lure 34. Bearing S/N TRL-9 . Removed Position S
Wi th 8.8 Hours Time . 2.5x Enlarge d View .
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Figure 35. Bearing S/N TRL-10. Removed Position 2
W i t h  20 .4  Hours Time.  2 .5x Enlarged View .
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F L ~ure 3( 1 . Bearing S/N TRL-ll. Removed Position (~
W i t h  4 , 8  Hours  T ime .  2 . 5 x  En la rge d  View.
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Fi gure 37 . Bearing S/N TRL-ll .
I 2.5x Enlarged View.

- I  
-

* %~~~~~ • ‘ -

a ~~~~~~~~ -

S .

- ~~~~ S .  ‘-1
• ~ - a

-‘
S

Fi gure 38. Bearing S/N TRL-12 . Removed Posit ion 6
W i t h  4 .4 Hours Time . View of Bearing as
Removed From Tester.
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- F i g u r e 39. Bear ing S/’N TRL I-3. Removed Pos i t i on  8
- Wi th 8.8 Hours Time . 2 .5x  Enlarged  View.
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Figure 41. Bearing S/N TRL-14.
2 .5 x  Enlarged View .
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F iclc - 1re 4 2 .  B e a r i n g  S N TRL-l4 .
2.Sx Enlarged View .
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Figure 43.  2x Enlarged View of 206-040-350-i
Removed From Bearing TRL_ lL 1~.
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1r i - ~~~~~~ Bearing S N TRL-15. Removed Pos ition 6
4 With 12. .~ Hours Time . Shown Prior to
-

- 
Removal  From T e s t e r .
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Figure 45. Bearing S/N TRL-15.
2.5x Enlarged Vi ew.
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Figure 46.  Bearing S/N TR L -15.
2 . 5 x  Enlarged View.
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Figure 47 .  Bear ing S/N TRL-16. Removed Position 7

With 19.8 Hours Time . 2 . 5 x  Enlarg ed View.
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Figure 8. B earing S/N TRL-17. Removed Position 8
With 2.2 Hours Time . Shown Prior to
Removal From Tester.
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Figur e 49. Bearing S/N TRL-17.
2 .5x Enlarged View.
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Fi gure 50. Bearing S/N TRL-l7 .

2.5x Enlarged View.
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Figure 51. Bearing S/N TRL-19. Removed Position 4
Wi th 16.6 Hours Time. 2.5x Enlarged View.
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Fi gure 52. Bearing S/N TRL-l9.
2.5x Enlarged View.
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Figure 53. 206-040-315-1 Collar Remove d
From Be aring S/N TRL-19.
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Figure 54. Bearing S/N TRL-20. Removed Position 6
Wi th 5.6 Hours Time . 2.5x Enlarged View.
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Figur e 55. Bearing S/N TRL-2l. Removed Position 8
With 5.6 Hour s Time . 2x Enlarged View.

I 

- \

- -

Fi gure  5 6 .  Bearing S/N TRL-22. Removed Position 3
Wi th 29.4 Hours Time . 2x Enlarged View.
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Figure 57. Bearing S/N TRL -22 .
I 2x Enlarged View.

Figure 58. 206-040-350-1 Collar Removed
From Be ar ing S/N TRL-22 .
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Figure 59. Bearing S/N TRL-23. Removed Position 4
With 4.0 Hours Time . 2x Enlarged View .
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Figure 60. Be aring S/N TRL-24 .  Remove d Posi t ion 6
Wi t h 4.0 Hours Time . Shown With Seal
I n t a c t .
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Fi gure 61. Bearing S/N TRL-24. View
of Opposite Side Seal.
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F i gure  ~S .  Bearing S/N TRL-24.
- 2x Enlarged View . 
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Figure 63. Bearing S/N TRL-25.  Removed Posi t ion 8
With  4.0 Hours Time . 2x Enlarged View.

I
F f ~ ’ s I I - c  64 .  Bear ing  S/N TRL-26.  Removed Pos i t ion  7

With 11.0 Hours. 2x Enlarged View. Note
Crack  in Cage .
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Figure 65. Bearing S/N TRL-27. Removed Position 8
With 14.5 Hours Time . 2x Enlarged View.
Note  Crack in Cage .
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~ ~~~~~~~~ ~~~~~- . Bearing S/N TRL-30 . Removed P o s i t i o n  6

With 40.7 h ours Time . 2x E n l a r g e d  View.
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- Figure 67 .  206-040-350-i Collar Removed
From Bearing S/N TRL-30.
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1-igur n 68. Bearing S/N TRL-31 . Removed Position 5
With 42.5 Hours Time . Shown as Remove d
From Tester.
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Fi gure 69. Bearing S/N TRL-31. 2x Enlarged
View.  Note  Crack in Cage .
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Fi gure 70 .  B e a r i n g  S N TRL-33 . Removed P o s i t i o n  4

With 45.5 f lours  T i m e . Shown W i t h  Seal
Plate Removed .
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Figure 71. Bearing S/N TRL-33.
2x Enlarged View.
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Fi gure 72 .  Bear ing S/N TRL-40. Removed Position 3
With 64.4 Hour s Time . Shown Wi th Seal

- Rem oved .
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Figure 73. Bearing S/N TRL-40.
2x Enlarged View.
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Fi/~’- u’c 7L~ . 206 040 350 1 Collar Removed
-

- From B e a r in g  S/N TRL-40 (Right).
New 206-040-350-I on Left. 
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Figure 75. Bearing S/N TRL-38. Removed Position I
With 67.4 Hours Time . Shown With Seal
Removed .

Fi gure 76. Be a r ing S/N TRL-38.
2 .5x  Enlarged View .
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Figure 77. Bearing S/N TRL-39. Removed Position 2
Wi th 67.4 Hours Time . Shown With Seal
Removed.
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Figure 78. Bearing S/N TRL-39.
2 . 5x Enlarged View .

________ - - ‘-I- 
~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

• - ~~~~~ . fS - .~~ - - - ~~, ~~~~ s- -_-.~~. ~~ *‘S

.5 - __ _~_ _ ~~I _ _ _ ___ _ ____ _ _ I__ .__ _ ~~~ _~ —.5---- — —~~~~~~~-—- —- - - ---—- -- - - -- -- -.5------ —h—— - - -- __ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



7

c }t; P~~ - 

I - - , -  
g~~~ 1 - 

-
~~~~-~~~~~ :.

I

- i

i L  -u~~in u-~~~~~L I ) 1 L  i : S~~ :. :~ 1

I l . - • - - ~~~~~ IIi -- . I L :~~ ’~ F I l l  ~~~~~~

ISS _~~ Pc e~ ~ 1.

K e 1i L - i ; - : I -nz~~ c :/L ~~~~~~~ 1

} C ~ ;~~‘: ; I : - I - l  2

i
~ 

-‘ :-: i~ 5

Lcnse U~~c’~~,~~r ~~or~ts

~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~


